Background: The preoperative Heterotopic Ossification (HO) extent is usually one of the main used criteria to predict the recurrence before excision. Brooker et al built a radiologic scale to assess this pre operative extent around the hip. The aim of this study is to investigate the relationship between the recurrence risk after hip HO excision in Traumatic Brain Injury (TBI) and Spinal Cord Injury (SCI) patients and the preoperative extent of HO.
Introduction
Secondary orthopaedic complications after central nervous system lesion are common, mainly after Traumatic Brain Injury (TBI), but also after Spinal Cord Injury (SCI) and in a smaller proportion after stroke or cerebral anoxia [1] . Among them, Heterotopic Ossifications (HO) are frequent (from 11 to 76%) and induce pain and limit range of motion until complete ankylosis or vessel and nerve compression [1, 2, 3] . Nowadays, the predisposing factors to HO are well described for TBI and SCI patients: associated bone fracture, sepsis, prolonged immobilization, neurovegetative disorders, etc. [4, 5, 6, 7, 8, 9, 10, 11, 12] .
The only effective treatment is still surgery for excision [1, 2, 3, 13] . Complications of these interventions are obviously hematoma, fractures and sepsis which depend on surgical and perioperative procedures. Indeed this patient group is complex, often with several co-morbid factors. Recurrence appears to depend not only on the surgical procedure but equally the etiology and the HO features [13, 14, 15, 16] . However, postoperative recurrence rate is rarely assessed for several reasons: there is no generally accepted definition (clinical or X-Ray diagnosis of recurrence); follow up is not standardised; surgical techniques change, mainly regarding peri operative and medical management. The delay of recurrence after surgery seems to be the same as that for the initial occurrence: within the first 3 months according to Gacon and Ippolito [17, 18] and between 3 and 6 weeks according to Stover [15] . Several studies have attempted to report the incidence of recurrence after HO excision [18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31] . However, in most cases, these studies were descriptive (without statistical analysis) and involved a small sample of patients, frequently heterogeneous. The results of a meta analysis including 16 studies and 255 patients [32] suggested that there is no relationship between recurrence and operative delay, however, the average operative delay from neurological damage or HO diagnosis to surgery was widely dispersed in the studies included (13 to 30 months). The mean recurrence rate was estimated at 19.8% (IC 95%: 14,4-26,1%) but outcome measures were disparate (recurrence of decreased range of motion, ankylosis, XRay recurrence and surgical indications). In a previous study including a large sample of patients (357 patients, 539 surgeries) suffering surgery for troublesome HO after CNS lesion we found a mean recurrence rate of 5.8% (31 surgeries) [1] . Brooker et al., in 1973 , proposed a method to classify the degree of ectopic bone formation about the hip following total hip arthroplasty [33] . They defined 4 classes (Class I: island of bone within the soft tissues about the hip, Class II: bone spurs from the pelvis or proximal end of the femur leaving at least one centimeter between opposing bone surfaces, Class III: bone spurs from the pelvis or proximal end of the femur, reducing the space between opposing bone surfaces to less than one centimeter, Class IV: apparent bone ankylosis of the hip, figures 1 and 2). Later, Stover et al. suggested that the extent of the initial HO is the most important factor in predicting postoperative recurrence in SCI patients [15] . Several teams have tried to find a link between the risk of recurrence and the pre operative extent of the HO however, their results were based on clinical observations and not a real scientific assessment [14] . The aim of this study was to assess if there is a relationship between the recurrence risk and the pre operative extent of hip HO in two large, homogenous samples of TBI and SCI patients undergoing surgery for troublesome HO in a single center and operated on by a single surgeon.
Materials and Methods

Ethics statement
The study was approved by the institutional review board, Comité de Protection des Personnes XI, Ile de France. It was a non-interventional study in which usual procedures were carried out and without any additional procedures (diagnosis or medical supervision). In France, patient consent is not needed for such an anonymous retrospective data analysis. We confirm that our named institutional review board specifically waived the need for consent for this study [ 
Study design
Case control study comparing clinical features, extent of hip HO and medical history of patients with troublesome HO requiring surgery after TBI or SCI with or without recurrence. Files of patients containing complete details of the pathology and HO were selected from a database of patients with central neurological system damage who had undergone surgery for troublesome HO in a single center specialized in this kind of treatment. Each patient in whom recurrence had occurred was matched with 4 control patients (no recurrence after 3 months of follow up) who were randomly selected by the manager of the Medical Information Department in files of patients with a follow up ensured in our physicians' network. Each TBI patient was matched with TBI controls and similarly for SCI patients. Matching criteria were: sex, pathology (TBI or SCI), and age at the time of surgery (+/24.5 years). The residual cognitive and functional status (only for TBI patients, Garland classification [24] ), the Brooker status [33] , the modified radiological and functional GCG-BD classification of HO [14] , the HO localization (around the joint), the side (right or left), the age at the time of CNS damage (months), the delay for the first HO surgery (months), the diagnosis delay for recurrence from the first surgery (surgeon consultation even if the diagnosis was certainly done before by the physicians who followed the patients after surgery)) (months) and the operative delay for recurrence from the first surgery (months) were recorded for each patient. The Brooker status was found in the surgical file. The GCG-BD was assessed retrospectively by another surgeon and a physician (Physical Medicine and Rehabilitation) who were blinded to the Brooker status, using preoperative X-Rays and reports.
Constitution of the case database [1]
This single-centre study concerned a period between May 1993 and November 2009. Patients had been referred for a specialized neuro-orthopedic consultation for troublesome HO following CNS damage. Indications for surgery were loss of ROM with functional repercussions, ankylosed joint, and nerve or vessel compression. The surgical and immediate post-operative assessments were performed by the same surgeon.
Pre-operative investigations did not include serum alkaline phosphatase levels, Tc99 bone scanning or positivity for human leukocyte antigen B27 [32] . Several patients had received prophylactic treatment for HO, such as nonsteroidal anti-inflammatory drugs (for pain) or radiation therapy between 1993 and 2002 (this treatment was discontinued, probably due to lack of effectiveness).
A standardised surgical approach was used for each HO location. The surgical goal was resection of the amount of bone necessary to allow restoration of motion in all planes. Each patient underwent regular clinical examinations and x-rays; they were hospitalized in a surgical care unit for about 1 week, and then received regular consultations in rehabilitation units (inpatient care followed by outpatient care for a minimum of 1 year).
Patients were followed up in the rehabilitation unit of the same institution if they lived locally or by out-patient surgical consultation if they lived far away for about 3 months. For those patients, the prolonged supervision was organized by the physician of PMR over several months or years after these surgeries. The majority of these cases and controls are always followed by our colleagues. Therefore, all the troublesome recurrences had been diagnosed this especially as we work with a network agreement with these units: the surgeon would have been alerted.
Statistical analysis
Statistical analysis was carried out with ''R'' SoftwareH version 2.10.1 (Copyright (C) 2009. The R Foundation for Statistical Computing). Data are reported as numbers and percentages for categorical variables; median, minima, maxima and interquartile range for quantitative variables. Distributions of operative delays for first HO excision in the control and case samples were further described in a box plot.. Univariate tests used Kruskal-Wallis for quantitative variables, and Fisher tests for qualitative variables. All tests were two tailed, and a p value,0.05 was considered statistically significant. Correlation between Brooker and GCG-BD classification in the general sample of patients was assessed by Kendall's Tau.
The association between the Brooker or the GCG-BD status and the recurrence of HO was tested by a Fisher test.,Then two multivariate logistic models were carried out, to adjust for variables used for pairing The dependent variable was the presence of recurrence. Independent variables were gender and age, and either Brooker or GCG-BD(reference category was status 2 for GCG-BD). Adjusted odds ratios were calculated with 95% confidence intervals.
Results
We found 19 cases of recurrence in our series of 539 surgeries since 1993 after TBI (9/19) and SCI (10/19) . Following the matching criteria, we randomly selected 76 control files of TBI (36/76) and SCI (40/76) patients without recurrence after 3 months after surgery into the surgical database.
Total population (Table 1) 95 patients with hip HO were included (85 men; SR: 81.3%). Median age was 30.2 (range 15.0 to 56.0, IQR 24.8; 37.7). Median operative delay for first HO excision was 17.9, (range 4.5 to 415.5; IQR: 10.9; 49.7, figure 3) . Locations around the joint were anterior (43; 45.3%), posterior (14; 14.7%), medial (9; 9.5%), lateral (25; 26.3%) and encircling (4; 4.2%). The median follow-up by the surgeon was 10.3months (range 0.7 to 159.4; , IQR: 5.7; 30.0).
Based on Surgeon's files, the Brooker status on preoperative XRay was 61 (64.2%) patients with status 3 and 34 (35.8%) with status 4.
Based on preoperative X-Rays and functional abilities, the distribution of the GCG-BD status was class 2: 8 patients (8.4%), class 3: 54 patients (56.8%) and class 4: 33 patients (34.7%).
Case series (Table 1) There were 19 cases of recurrence (17 men, SR: 89.5%), 19 hips (7 left side). Median age at CNS damage was 30.7 years (range 16.4 to 53.0; IQR: 25.8-39.1). Median delay for the recurrence diagnosis from the first surgery by the surgeon was 2.57 months (range 1.1 to 62.4; IQR 1.6-3.9). Median delay for first HO surgery was 38.6 months (range 4.5 to 414.5; IQR 9.5-63.6) and Control series (Table 1) 76 patients had no recurrence following surgical intervention for troublesome HO (68 men, SR: 89.5%), 76 hips (32 left side). Median age at CNS damage was 30.0 years (range 15.0 to 56.0; IQR: 24.9-37.0). The median delay for first HO surgery was 17.6 months (range 5.7 to 339.6; IQR: 11.1-43.7) and the median follow-up by the surgeon was 7.44 months (range 2.7 to 78.5; IQR: 5.6-27.7).
Univariate analysis (Table 1) No relationship was found between recurrence and operative delay (p = 0.51), HO side (p = 0.75), location around the joint (p = 0.07); Brooker status (p = 0.52) or GCG-BD status (p = 0.79).
A strong correlation was found between Brooker status and GCG-BD status (Kendall's Tau = 0.88, p,0.00001). When the TBI and SCI subgroups were dichotomized, no link between Brooker status and recurrence was found for either group (p = 0.74 for TBI; p = 0.48 for SCI), nor between GCG-BD status and recurrence (p = 0.71 for TBI; p = 0.49 for SCI) despite the significant difference in operative delay between these two subgroups.
Logistic regression
When all the matching factors were taken into account, no significant relationship between Brooker status and HO recur- Comparability between the two groups: TBI versus SCI (Table 2) There was a significant difference between the two groups for sex (p,0.01, no women in the SCI sub group), age at first surgery (p,0.01), operative delay from accident to first surgery (p,0.01), location around the joint (p = 0.03), Brooker status (p,0.01) and GCG-BD status (p,0.01).
Discussion
Main results
No significant relationship was found between the preoperative extent of hip HO and recurrence risk after surgical excision. The two subgroups, TBI and SCI, were significantly different in terms of sex, age at first surgery, operative delay, location around the joint and the both classifications of HO extent. A strong relationship was found between the scores of the two classifications (Brooker and GCG-BD).
Preoperative HO extent and recurrence risk
Preoperative extent of HO has previously been suggested as being the main risk factor for recurrence after excision [14, 15, 33, 34] . Stover et al. followed 38 HO excisions of 18 patients with SCI [15] . The mean operative delay after the accident was about 26 months (range: 11 months to 17 years). They found 13 recurrences with severe limitation of range of motion and all had a Brooker status above 3. Ebinger et al. found a significant link between the Glasgow coma scale score and the Brooker status for the hip HO (r = 20.83) [13] . They carried out a prospective study of 64 patients with HO (3 groups, I = severe TBI and local hip trauma (25 patients); II: isolated head injury (18 patients) and III: isolated local hip trauma (21 patients)) and their results revealed a tendency for a higher Brooker status score for group I than respectively for classes II and III. However, they did not find a difference for the Brooker status of the HO recurrence between the 3 classes at one and five years of follow up. They did not assess if the Brooker status was a predictive factor for recurrence. Garland et al. found a significant link between HO volume and maturity and recurrence risk after SCI (24 patients, 31 hips) [34] . However, they did not use the Brooker status, the severity of preoperative HO was assessed by a subjective X-Ray grading system: 1 = minimal, 2 = mild, 3 = moderate, 4 = severe, 5 = ankylosed. For TBI patients, they found a link between the HO score for a single patient ($3) and the recurrence risk [24] .
Seegenschmiedt et al. in a review [14] , evoked some limitations of the Brooker classification. Firstly, the x-Ray incidence is estimated only in the frontal plane which could lead to underestimation of anterior and posterior HO development by superimposition, notably with the femor (Figure 1) . Moreover, we can add that in our sample of patients (troublesome HO with surgical indications), the majority of patients had a status of III or IV which corresponds to voluminous HOs and a threedimensional analysis seems to be more precise (Figure 1 and 2) . Patients in class I are rarely symptomatic. The other limit, also highlighted by Seegenschmiedt et al., is that this classification cannot be transferred to other joints [14] . Since HO after CNS damage develops around joints of different sizes (hip, knee, shoulder elbow), the transposition of an assessment using the extent of HO in centimeters is difficult. This is why Hastings and Graham proposed a radiological and functional classification of HO about the elbow and forearm joint [14] . There were three classes, from non-symptomatic (Class 1) to ankylosis (Class 3). The second class is interesting because it includes range of motion decrease in different planes (sub class A: flexion/extension for the elbow and sub class B: pronation/supination for the forearm and Sub class C for both). This classification was not assessed by means of a clinical study. The German patterns-of-care study (PCS) proposed a general classification system (named GCG-BD) for HO development which could be used for any joint and based on XRay or CT scan. Their classification is based on the Brooker status with the addition of functional components (no, minor, major or complete functional deficit or symptoms of the involved joint or body segment).
The results of the present study found that Brooker and GCG-BD statuses were significantly higher for SCI than TBI patients. This is likely to be related to operative delay [1] . Because surgery is often proposed for TBI patients earlier than SCI patients, functional outcomes improve sooner since they have more ability to stand or walk. Furthermore, SCI patients frequently have a loss of sensation which can lead to a longer delay for diagnosis because of the absence of pain.
Even if the Brooker and GCG-BD classifications do not seem to be good markers for the recurrence risk, it would be interesting to assess if these classifications can predict other post operative complications such as fractures, hematoma or sepsis.
Correlations between the two classifications
The results of this study showed a strong, significant correlation (k = 0.81) between the two classifications of preoperative HO extent, even if they were obtained by different means. This is probably due to the fact that most patients had quite severe neurological sequelae. Secondly, the score for pre operative HO extent was quite similar for all patients (III or IV). This is probably because Seegenschmiedt et al. were inspirited by the Brooker classification for the radiologic extent when they created their scale [14] . It seems likely that the degree of neurological sequelae has a smaller impact on Brooker status than the pre operative extent of HO. Moreover, functional ability depends on many factors such as the severity of cognitive and motor deficits, behavioral modifications, co-morbid factors (neurological, orthopaedic…) and pre injury status. This could make this classification insensitive for the assessment of risk factors for HO development or recurrence. Until the pathophysiology of HO development is understood, it will be difficult to create tools which can predict HO recurrence.
Limits of the study
This study may lack power especially for the separate analysis of each etiology (TBI and SCI) because of the small size of each sample. However, to our knowledge no other study has assessed the impact of preoperative extent of HO on recurrence risk, particularly in such a large group of patients. The lack of comparability between the two groups (TBI and SCI) has previously been found [1] . The functional prognosis of gait recovery and the presence of sensory deficits are two of the major explanations for these differences. The matching strategy which respected the same etiology between case and control patients tends to reduce the impact of this limit. Finally, although inclusion of controls was random in our series, the sample only included the two more extended Brooker classes (3 and 4) which can entail a selection bias. This could be related to the specific recruitement in our institution of patients who are most bothered by their HO, as Brooker classes 1 or 2 POA require less often surgical treatment.
Conclusion
No relationship was found between the preoperative extent of the troublesome hip HO and recurrence risk for patients with TBI or SCI. Surgery should be undertaken as soon as the co-morbid factors are under control.
